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(57) I3?*J] 

tlv—v-)V (3 4) S, ^AtfAW©M©<fc3&£#ffl 

oo) 2>mmzi3 : r- : T)v (3 4) 
misxmmmzw&&. z.<Dmkmizw&&nitj3?~ 
rjw&m oo) &mm<Dmmz%foTmmmz%-f 

h'-TSJ: 5 t*^S^-rs«8E^^ttS tit: 

it)Tli3tl5. CCDfiBE#», P I D (JAM, %®r& 

o) \z&r> do) f*3-e«sii$n*. 

jgejgn-fjp (H2) tcfcoTEpjnsn, 
3-f;v ®2) *\zmfci*n2>nm*m&*hvy>7* 




(2) 001-5 14040 

$ t Iri § & a# * EPjtrT & X x y 7° > 



(3) M2 0 0 1 -5 1 4 040 

[its 9 ] ±.m$ifo%m&Am<DM~e$>&, its 8 ^mm^ fifc^m 0 

[ItSll] ZtbK, ^^--r;KD^fe»o^e^^i-«-^^^1--5>^ 

ItS 1 0 KfBicS tLfc^feo 

[ItS 12] £ £>K> ItiE^^ f;v£pc^ U KfBHrr&^x ? 

[its 13] $ *>k, «je^^ Kmw.-t&x'T 
its 1 1 Ktzmznttmo 

tS 1 1 ^IE«$tt7t^o 

[its 1 5 ] m%-*wM-f&±.tzx^rvyi±, mm.m<oMfeMzij ^km 
[its 1 6 ] ±isii^f^ ffifcvmm* bv?? £«/MbT& <t ? ciif 

fcc7>-e&&, ItSi 5 i-IES4$ tt/c^o 

[ItS 1 7 ] _hfS«»ftfi. *^ftfllE<*>fcfc<a&Jfc*#<a-fe y h ^S/Mb"T 



C4) M2 0 0 1 -5 1 4 040 

(d) ±iaffliE^^ f^^^^E'J Hffiil-r^^-r y 7°£> 

(e) 4>£< t fe«J»±^a<©i6»lci&o3fe«tt^teS^<o»g*H»?>*t4 J: 

[Slt^S l 9 ] IfS^gilliMS'* L> 

v^ P >***, -eo n»o«i45fesiiiaso*8i«54a:ii^ £ ±ia^ p^t-c^mmtm 
mMLtzffijE^? h 9^«je^mk J3J:to^<75S^ ^^r-r&±ta^fM 



C5) M200 1-5 14 040 

>;VVc 0 rrectfon£ffff-r&£t£^-fr <£> T & * ^ If « 2 1 K 

[its 2 3 ] »**HJint-*±ffi^'fy^tt, 

v 

V =V +V + J? — € * m * tkm 

! * correction ' 

2 4 ] «if*^jni-*^-ry"/*«aakBiff*?*L*»*ai 8 tie 



C6) Si2 00 1 -5 1 4 040 

(b) ?6S#*EP;bnf 4±fB*-r?^tt, 3^>C, 
±fla9rSI<©ftttK?&oT±ffipi^fe9fjfeJE*l«jt:ofcAp2*aiRL, 

[&2] 

v 

v J. v t cr cttr> y aq,> 

I tcmctlkiB } 

Hfe3] 



(7) #«2 0 0 1 -5 1 4 040 

[its 3 3 ] m$f-&$iMT%>±mx-T 3M<d^4 frrp<DWfc&m 



(8) !ft*2 0 0 1 -5 1 4 040 

^36 KmMzntzmw.o 
[its 3 8 ] m$mtkmm$kv>xj fr&^-fz tta34 



(SO M2 0 0 1 -5 1 4 040 

[ 0 0 0 1 ] 

i. skm<om-r&&iB&m 

z<v$&m&, +-e>f yy°?y ^ (implant, &W}fr'tfc)t><o& 

[0 0 0 2] 

ft*tt*^J:*^ fl« (#«*Cfl9fc) *Sl<E>5&te (stereotactic, 
9?7-4v?) 3£iI-CW\ M# (skull) &c-7ix-A (flfl&rtT, v^to^^BRW 
7 £3X#*tT#f&M#|Ii& (navigation framework, ^tf^--> g > "7 V- 

[0 0 0 3] 
[0 0 0 4] 

, — jRfc^ |^oTV>l> (tethered) a#£<fc&JfiLff (vessel, ^ y -fe;v, fp) 
F*I<7M hO^ii:, fifcWi (WM<DW\BM$1<7>) (intraparench 

ymaHy) £gj< f^oT^i, 4 fcfiJg?i&*-=> TV»&VW > ^? v h i^I^ &c X & 

[ 0 0 0 5] 



CIO) m$k2 001-514040 

[0 0 0 6] 
[0 0 0 7] 

9 > h^ttl^^-f ;K7?*fi^^r&oTv^^ t ffiK&M~?&-4 y^^y h 

[0 0 0 8] 

^^l^teSE^v'^rA (Magnetic Sterotaxis System, MS S) fi, F$<£> £ 
(T^X) (inaccessible) £ $ tLX\<*t:BfrfcW&W>®&> 

11 (burr hole) §ILT, I$P*3^ /h$ ft^iS'f > h Sr*Xt4 i 

&i£E^£®U-&# s £>> Ji<7>*® (parenchyma, ^7i/>^^ 7 ) ^ilt^>7' 



Cll) M2 0 0 1 -5 1 4 040 

iOMSSWff^felt mm (shunts) > (straight tubes) # j; 

9m <o &m k & n s & m vm* k mm-r s m <ommw k it-< x , m <vm.m k m m 

[ 0 0 0 9] 

*^0OMSS(i. ^y^jrMMyj to* (Video Tumor Filter (y 

TF) ) t LT 19 8 A^K^M^H, 1 9 8 9^9^ 2 6 Btt 3&fxcD7fc|II# 
tfrt&A 8 6 9 2 4 CKD^-XxAfi. S&K, MMWM (hype 

rthermia based treatment) * ft ]_,X WfeiMmmB * fam^t & it^lfttLT 
^<DVTF<DB%^4 toli, B^MLXmm^PK, (ii^ 3 m 

m<D) ffi'I&fffc® (magnetic thermosphere „ v^tM y *^~^exy 4 ~Y) £ 
F (^«£) t^Ht^tLTWco J&S?>^#* (volume) ^icti^ 
y-fyy h ^^^^i-* (rastering) t> -f > > f £ 9 i>* JSj&& (RF 
) comity «t *>flMWnll?" Si i:-e> Ifitetit^ii^lfco 
[0 0 10] 

Steffi* fOJfl (magnetomotive based % v^^>^e-'r^^.^;-^F) 

*-r--r;V^?X#^T) % ^$|^^#S?l^^JBIntb (systemic chemical deli 
very^ Sy7s j.^ vi , . jy ^ % )X , . ^i; ^ ) jH^MBIRSrSS*** 

[001 1 ] 

£\ £ O # 7- --7- to* mm LT, K - 5 > *JH (affected regions) \z 



(12) ^2 001-514040 

[0 0 12] 

hi 1 a km 1 BZ^m-r&k, zzK^ztitzmjr^Ms smm 0 

(i, E^(7)ffi-^fe^^;v^ y h 1 2 1*1 K Eft 3 tLfc 6<m<7)1g&m^J )V OflL 
> BlAt@lB-Ci±Ix.^^) |x.tv^ 0 Ztt^r^o^y K <o 

ttLTV^Ay KcD^fc^Ml 4^6 4 5 &<Dm&&Wi~feZ><> £<7)X-n^f 
;M**5 .fcO^Y-rr-f ;v#{i, M#^>##^^3&^*> M S S II 1 0 <?)7k¥® 

J v h l 2 4n~#A<o3£cW (A& it) -eg 4 i -? £3 *l& 0 

[0 0 13] 

£ (DM S S CO pT41@«39* (vision component, t'y 3 >3y*'-r/f) fi 
„ DTJV^-fA (^BfK) *^h-^fA (@1 At@l Btli Hl^ LTV>^ 
V>) icij ^ $ tLTV^ 2^FMM (biplanar % ;q^y-t) ^3feM*^^2 

flUft3*LTV*&o M*^92 0}i, MS S<D&^<D^^ )Vt^)V^ v hflljtt-M 

LTifciES ft&o *^52 o^:frt-&x#Jif&£:^teM^v-;vF2 2 CO |*| §|5 \z& 

RljfeSt) £*f-$-*®3l#8f (cranical volune, ^ 9 jv^i; a ~ a) f*jtc 

o 

[0 0 14] 

SMWtU8*JRIfl3Ljfc (inductively based) > 7° 9 > h ct>#V F mm 

) ^^|i~^±7t:«,r^®}i, T^Vv'a^ (Earnshaw) cofcMK £ vXMW*%:if 



(13) M2 0 0 1-5 14040 

SWJB&O'f • ynrUA (iEWS, inverse problem) KM%LX^ 

tuator) wSf$-^tSiti:^l>o 
[0 0 15] 

*1B^ (g^ s 5mmtlT, E#**5mm) ?1c«?^NdBF e^)tt 
(object, #7*Jx.?Y) *«ffiffl$*Ljt 0 ift&^ttgU&^JMRlfc&v^-J* 
^ r (0. 0 16A-m 2 ~0. 0 4A-m 2 m±) 14, «#4»fbtt#*5S-*-4 

[0016] 

-r y~f?y hybm^WrM^^\ai< X K-r&tztb, %<dJ yfyy h% 

[0 0 17] 

x.^tt^>co-e, 3^JV71/^ (coil array) ortlSfc** J^^&ffifcjfctfaffi 



(14) #3t2 001-514040 

9 V h ^SiS^^lRj^V K (^1*1) MV^ (directional guidance torque) £ 
^-x. ISi ^ ^?ia^-e> m^«J^I& § tUtiJ (steering, ^r^$ij#|i) 

[0 0 18] 

i^yy\ magnetic tip) 7^-7- JV&$H*&ii LTff&<^ ico 
[0 0 19] 

^ip^^m (#m) fcLT«, m£%wk%i*^r&*T-T^*^m 

Ift (stepwise, ^/7^X) fcSfrj&»i-fc tb<D?ofe*Wi&-t %> & £<D# 
tett, (living tissue, 4|T^|,|at) BU«*t-tJV# 

[ 0 0 2 0] 

&$l#rr&o -<^®i3\ % t~ — 7" fyiflif 4 K (W^) SfrTii£;Ji;s>$H$£B 

|> (encompass) J; ^ K^fifc £ ttfc^P (^-rtf^) ^ttSAJM-yfi;, 

> Mfo*MZXZ^-^)l<<DM^tffiffl>*fflL^2>Mm (advancement, fftft, 



C15) *f^2 001-5 14040 

KJ&W}?&7v*:Wb^ *tl> £ <D "7" n -tr N % ^ V - ? $ \\M X±) £ ft 
[ 0 0 2 1 ] 

S&KU W*fht, current metric) £;ft/Jvffc ({£«) fjti, £-£i>Mg&tt 
[0 0 2 2] 

i^iCtS^fe^J:^! tt, F (fit, seed) ^ # ^ - r^V&M^ % 

[0 0 2 3] 
[ 0 0 2 4] 

(2) ccMfe Off) ti\ t*©^fA J: 19 *>5&ic£S-c& «9> IM* (1W 

[ 0 0 2 5] 

(3) £ o«r***ffiK: J; o ft* WjKi±f£**>2rftfc «t o x^k. h ti 

[0 0 2 6] 



(16) !|#«2 001-5 14040 

(4) -r yf^y }-(n\B}%%&&&M^tz<DMlj&^^^m%&lJ\ft*fa^ 

x^xy y-f^y hvmB&m&KB^x-f nz> mm*)-t&) vmt% 

) **<ft4t4o 
[ 0 0 2 7] 

[ 0 0 2 8 ] 
[ 0 0 2 9] 

[ 0 0 3 0] 
[ 0 0 3 1 ] 

£<7)|&D!<7)$ £>fcB(|<&Bfi«j}i, Af-f^fc^tfffl^Jliifi^fAjW 

o 

[ 0 0 3 2 ] 



(17) M2 0 0 1 -5 1 4 040 

* (TWI^) * -r - -r ^©«SS is & (tt*C) fry 7, tiP) 

[0 0 3 3] 

{sir) ftm-f&ry^jyxft^'OPtt (x + , x-) > (y + > y-) > (z 

A6o^36iS (3tf*«lft) ) *Mf&-f2> Zft<Dnj)\< (X + , X-) > (Y + , 

Y-) , (Z+. Z-) ^c^^ft^^^f tz\±-£Xtt<Dl$frib$fcfltz$LW\Z.%>^ 
[0 0 3 4] 

a^gtS->^TA (MSS, Magnetic Stereotaxis System) K£ v>T^g& 

X &m%a<DP I D (JtMCproportional), 35 53* (integral j; (M^) Cd 

erivative)) 7 ^ - ? (MM) ffi<0ate-fbfc*tt*fiHE (fcjE) 

[0 0 3 5] 

111 3 A is J; C^m 3 B S t > «tt>f >^9^f3 0 14, $fc»*-? (3fc# 

) (M41&i&$£ir j§^l£ 4 Jfc M D V Cmagneti c del i very vehi cle) t v^fc ti 
& "^iRj-ftlt (JafSJ) hW>« redirecting train engine)" ) £ LT 



(18) #312 0 0 1-5 14 040 

■i yfjy f 3 0 t) 7- - ^ 3 4 K. cfcoT^HS*LT33»9, ^<D3>-t- 

xJWi. MDV3 O^P«3f|5^@efi$tL^^^^3 6£5ra«« 0 

o 

[0 0 3 6] 

M^iBn^toi;, -9^ (att, lag) " t^^mm^, ^^m^ 

% (CH^C^^co, limp) #-r-7^tfnit£-r&ffi#Jl #-7*) 

^fflHi:, MMS^fAit ft® (^Se) 3 *ifcig»fc:fllo fcjfr55£>tf:11 
UMi-^^-r-^^^feM (MDV) <7?*£®&^~^-r&o 
[0 0 3 7] 

[0 0 3 8] 

1 correction I 

[ 0 0 3 9] 

^ — v. -\ 

Vcorrectlon f±. * * &<D ffcfi^ fife B&<£> Jft <> jffi V^0g&± 00 & 

^-C<7) (HP*,, ^ h )V Cerror vector)" <7)i£|q]§eD) ^ > 



C19) #312 00 1 -5 1 4040 

Vst 6P {i, %<D&3k* y ■7i)*%t.Z>'<% * 9 yK^^XtifHEZtifz-fim 

[0 0 4 0] 

#**i-*JH&*«#^*L4^i fcfi^ttJ: «9/h$v»ftsf£05Kiit (mm, trajecto 

*-& v *i +V c(lI _ 1> ) + * il (V c| . J -V 

Vc(„), Veen-! (i, WHnfl^T^ (m^^-Xr- 

v~?) , mr®<7) (n- 1) fl^f'?^ ^fe J: CK (n-2) # @ <7>* T y ~7K 

[ 0 0 4 1 ] 
[ 0 0 4 2] 

n^S. (n-1) ^BJsJ:^ (n-2) #1 <D&X f- y zfK&if&g-ffiJE^ 
most recent) ct^IE^ Y )V<D^ ( Vcoo - V c cn- , j) ^V.t.pCfeV^T 1 o 



(20) #«2 00 1-5 14040 

4t& o 

[0 0 4 3] 

MSS<?)lo(?)iIM^l«i/>T, MWt.M:, Via B = 0 

-•r;Wi:. < ^^CDJ^^^-^-x.^ -7 r V h A • ^;pCphantom gel)^® LT — 
(Iff) V- h (iSK) ^KioTlft?^, ^Oi? 

{i^ll^<Dliia^<7)#^^V^Ccounterba1ancing force) £ $lT£i *) (simulate)^ ^ 
[0 0 4 4 ] 

bM£ Lv> 0 ^fcititf, lo<7>MS S^^^^lt^>#5c<7)jffl. («fe? 

) T^f-fJV^ffLfct *&o. 3T (t-x 9) J: «9^:'*v»»*t«-i-» V 

^iiLT 0 . 5 mm/ s <Q&&^*~ ?K £ vXWZ )1><D&&$cM 



C21) 001-514040 

[0 0 4 5] 

h/p*) K£^x&c&x&%7l£M*¥m^&m-^7*~?^&x&& 0 i 

aco tfr n & & Ej&a* T *itz&$LWv- jsv>T> a > tr a. - ? Kmm. zntzy°uy 

fro)/-*?* -?<om$tx$> &o Wiot, -eoJ: -5 &*SIE?& s &v>*§^Ki3*t 

^f$©IMf»n£ti:J:ot, Vi, g J: «9 4>&#*tojEtf<fTfc>fr*o 

[0 0 4 6] 

T> F£2f>f K1-Sfc KO»*<D<3:ilKMI||-r*flMR, 33 

[0 0 4 7] 

k P =0. 5, ki = 0. 5^«tO f kd= 0 t ^^"C** t 



C22) #gS2 001-514040 

S 33 ^T^fcM afrits- >£0. 5mm/s ^Mx.l> J: 1 btf 
[0 0 4 8] 

ft £ ^^mai $ fi tz o i i k % ft *tzm.-r & o 

[0 0 4 9] 

tt&M ( root-mean-square value) (rt^ )VW$L* V x ) y ? (a>f ;i/W3KJEl£> 
3-<;vm^ftfi, coil-current metric) ) *dg/Hbf*o li 3 W >P*3E 



C23) 



001-514040 



[0 0 5 0] 



m#5£ (m1EI<7>#:i£) 1* («) (Wffi*#) #I2M^ 

Kjeji^tO <t $ ^ § fr* o (Maximize : ^^-fbo Subject to ; g*ft 0 ) 



[&5J 



ii if 

Maximize z = £ + 2 x i^j x j 



i-i 



Subject to 2^*/"*/ (f"l •.-,*) 



or 



Maximize z = 
Subject to Dx 



x T c + x T Pxl 
= e J 



(2) 



— ^ — * v. 



*#D x = e it&ffiM. non-degenerate) (-fey J>) m < n t 

i&fe-f&o m>nom^> -f A (i*#**#-f S'T Cover specified)^s& \,> 



o m = n com^, I D I*0tt5i, jSxo=D 



- 1 



[0 0 5 1 ] 

9^9>'77> (Lagrangian)^,^^ jfcT & t „ <fc 9 & & 



[it6] 



L = x T c + x T Pjc + X T (Dx-e) 



<3) 



CfcMlft) ffifitCextrem^^^^tt^o 



[17] 



(24) #J|2 001-514040 




(4) 



[0 0 5 2] 

£<7)jg**\ MS S ^ov^T^tl^ h 'J ? ^^ft/Mb^#<bi-^> t> fflftis 
mfJim^) # s -£&c#*#£ti;i>^f ^fiib^ift^o < tits (£JB££B)£1- 

gnetoraotive source) ( £ fefc £ <DMM^ nl©7^fai-^) & tT%> 

■ 

b(x) = $>,(x) < 5 > 

i-l 

hi (x) li^(Of)StSllM:iLtl^ (») fcwc, ±m<D^$%c<V 

b(JCl) = ZB,(x)/ l (6) 

V V ^ ^ 

B ; (x) 



(25) 



!f#*2 001-514040 



[^5] 

B(x) 

[tio] 

B(x) = {E,(x) I B 3 (x) | - j B„(x)} (7> 

#1-Mnlf^j^^ h ;n £#< St (6) ^ (7) ^ffi^fe-tirT^C 

[til] 

b(x,I) = B(x)I (8) 

n>3 ttjeL^i ttSt^Jl^V^ n<3 (IP*. 2 oJ^T?) T * f- jxi- * 

) <DWi&, ^ta, 'owis*fio ^trr, 3; (8) n*v>fj|is 

me] 

I. = B"(x.)b 

[0 0 5 3] 

^-e. mm* ci^^itt^ti) t > mat* h y ? * it&.<D& 

[tl2] 

z(l) = = I T I (9) 

td > M^^ftS^ia^ (n > 3 «V-^i;o^T) JLoltaRflfltt, m=3'M<D 
[mi 3] 



WSt2 00 1-5 14040 



Maximize 2(1) = -I T I 
Subject to B(x„)l = b 



(10) 



[0 0 5 4] 

itKStS*Lfc^ 0 GLU 5t (10) <7)^-cra««:»< ifciiiO^, 
^si^ 0 ^ (10) (DM-MJ f'J y * {ilHIRI^Cconcave f uncti on) & „ « 

[114] 



I d fi'fl^ (Jji*fc, identity) vf'h^^^So S (10) SrSi'* 
it liW *<> lot, it (1 1) it, #5e<7)«##^X- £ tifc t % , M 

[0 0 5 5] 

Io T = I 1 0 8 0 1 0 8 0 i (A) > 
ZLXlKffi LT, z (Io) = 1 3 0 0 0 A 2 o 

#^<75li^^ s 7 5 A TMR-cfcit tiff & & v> li^, 

Io T = I 6 0 7 0 6 0 7 0) (A) , 

itUCftfLT, z (Io) = 1 7 0 0 0 A 2 > 

£5£ (10) -tt»4nV-^ l#c (») ^3tC*fMt*M« 

[ftl5] 




(ID 



(27) 



001-514040 



Maximize z = -I T I 
Subject to 5(x„)l = b 
DI>e 



<12) 



[ 0 0 5 6 ] 



cf±. n10<7)T Iltl ^ I.ax ( i = 1 . 



n) 



[tie] 



Maximize 
Subject to 




(13) 



t\ i = 1 



max, -I 



= I 



a x 



Lfco *^«**fi £ *i-* jfcfcfcWfc-*-"^ *#fi^coAWit £>ft& 



[117] 



= 0 



T 



-I 




B(xJI a -b 



—I <I < I 



<14) 



[ 0 0 5 7] 

±&<E> 1 ja^t*»t*#^LIi* 2 2n = 4 n #co^^#«BcO^: (2 9) ^ 



(28) !ftf«2 001-514040 

[^ 7 ] 



(2«-f)!i! 

(Io) =- Io T Io<aflfcfcte*il**iftfc&C3i*:;&ffl [4 fcliz (I,) =- Io 
T I.«ft/h«] 5ft«*a*»t LT*R^$*l*o 

[0 0 5 8] 

£ b&$>& 0 WJUim&tfty-X'OZ' a y (IBM) *3 i t^M S S <D X ? ^^#65 
[118] 

f( X .) = V(m T b(x))| i _ i (15> 



[0 0 5 9] 

[Ski 9] 

/(*.) = m T fJr(x 0 ) (/« 1,2,3) (IS) 

[^8] 

HmH 



[t2 0] 



(29) 



2001-514040 



^ X,,=S |b(x.p Xj I d*> J 



0 = 1,2,3) 



(17) 



i-i. 



-c, > Ml m II oSiis temn-e&& 0 (n) <7>m$kt^ (8) <r> 



[it2 1] 



/.(x 0 ,l) = ||m|| 
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